Abstract. Comparing with the exact solutions of the model system of one and two particles coupled to an axial rotor, the quality of the semi classical tilted axis cranking approximation is investigated. Extensive comparisons of the energies and M1 and E2 transition probabilities are carried out for the lowest bands. Very good agreement is found, except near band crossings. Various recipes to take into account finite K within the frame of the usual principal axis cranking are included into the comparison. A set of rules is suggested that permits to construct the excited bands from the cranking configurations, avoiding spurious states.
Introduction
Tilted Axis Cranking (TAC) is a systematic microscopic approach to high spin physics, which provides a semi classical description of the energies and the intra band transition matrix elements for both high-K and low-K bands. After the existence of tilted solutions for a fixed shape had been demonstrated in [1] , the interpretation of the solutions has been given in [2, 3] , where also the stability of the solutions with respect to deformation has been shown. The method has turned out to be successful in describing the -spectra and transition rates of rapidly rotating nuclei (cf. e.g. [4, 5, 6] ). As a complement to the standard Principal Axis Cranking (PAC) (e.g. [7] ), which describes the I"2 bands with good signature, the TAC approach permits to calculate the I"1 bands, staying completely within the microscopic mean field approxima-*Present address: Alexander von Humboldt fellow, Physik-Department der Technischen Universita¨t Mü nchen, D-85747 Garching, Germany tion. Such bands are quite common in deformed nuclei. The PAC is a special case of the more general TAC.
Cranking mean field theories are based on the classical treatment of the total angular momentum and the assumption of uniform rotation, which have the consequence that angular momentum conservation is violated. The contact with the quantal spectra is made by means of semi classical expressions for the energy and transition matrix elements. Hence, it seems to be important to investigate how well these approximations work for the description of the experimental observables. There is also the problem of how to construct the excitation spectrum from the TAC quasi particle levels avoiding spurious states. In order to study these questions we start from the Particle Rotor Model (PRM) (c.f. e.g. [8] ), which treats the quantal angular momentum dynamics correctly. Introducing to this model the same kind of approximations used for the fully microscopic cranking theory, the TAC version [2] of the model system of a rotor core coupled to a few particles is derived. Comparing the exact PRM solution with the TAC calculations, the quality of the approximation is studied. We study the cases of one and two quasi particles in a j-shell coupled to the axial rotor. These are simple enough to find the exact PRM solution numerically and permit to model the most important angular momentum coupling schemes met in rapidly rotating nuclei. Both energies and intra band transition probabilities are compared. The classification of excited states and ways to avoid spurious states in the spectrum are addressed.
The paper is organized as follows: In Sect. 2 we briefly outline the axial PRM for the model systems we are studying and describe the TAC approximation in the PRM context. The detailed comparisons of axial PRM and TAC calculations for the yrast bands are given in Sect. 3. There, also the construction of the excitation spectrum is discussed and the excited bands of the PRM and TAC are compared. In Sect. 4 previous descriptions of high-K bands using the PAC scheme [9, 10, 12] are compared with the PRM and the TAC.
¹wo quasi particles in a single j-shell coupled to an axial symmetric rotor
The PRM Hamiltonian [8] is given by
For convenience we will call one particle a proton (p) and the other a neutron (n). The formalism is exactly the same for two protons or neutrons in different j-shells. The case of two equivalent particles is also covered by the expressions below, however the Pauli principle must be taken into account in constructing the PRM basis states and the TAC configurations. Expressing the angular momentum of the rotor by the total angular momentum I J and the angular momentum j T of the extra particles, where J is the moment of inertia of the rotor and the symmetry axis is chosen to be 3. The j-shell single particle
where the upper sign refers to a particle and the lower one to a hole. The parameter C N L controls the level splitting in the deformed field. Pairing is treated by means of the BCS-quasiparticle Hamiltonians
The parameters N L and N L are the chemical potential and pairing gap, respectively. The modification of the angular momentum matrix elements by pairing is not taken into account, since it does not lead to any important changes. For the same reason the Coriolis matrix elements are not attenuated. Of course, these simplifications are consistently applied to both the PRM and the TAC, derived below.
The PRM Hamiltonian is diagonalized in the stan-
is the product of the j-shell states " jk2. The angular momentum projections onto the quantization axis (3-) are denoted by k. The eigenstates are written as states of good signature, i.e.
where
are the expansion coefficients (see [8] for the details). The full recoil term is included into the diagonalization.
The B(M1) values are given by
where j is written as a spherical tensor of rank 1,
Since we are only interested in a comparison of TAC with PRM, we set "g N L !g 0 ""1, choosing the signs such that large B(M1) values are obtained. The B(E2) values are calculated by means of the expression
setting the square of the intrinsic electric quadrupole moment equal to one. The case of one quasi particle coupled to the rotor is straightforwardly derived from the formulae above by dropping one particle.
The TAC approximation
In order to obtain the TAC approximation to the axial PRM we assume:
1. The operator I of the total angular momentum is replaced by the classical vector J 2. 1 j2"1 j2
Assumption 1) expresses the semi classical character of the TAC approximation and assumption 2) its mean field character. The relations 3) are consequences of the axial symmetry: There is no collective angular momentum in 3-direction. The classical vector J can always be chosen such that its second component is equal to zero. The absolute value of the classical angular momentum is denoted by J. With these assumptions the PRM energy becomes
where we have introduced the expectation values i J " 1 j J 2 of the particle angular momenta (alignments). The expectation values are taken with respect to the product wave function "2""p2"n2"
The variation E"0 for fixed J with respect to the amplitudes c I (quasi particle wave functions) leads to the
